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The purpose of VA Pharmacy Benefits Management Services (PBM), Medical Advisory Panel (MAP), and VISN Pharmacist Executives (VPE) drug monographs is to provide a comprehensive drug review for making formulary decisions. These documents will be updated when new clinical data warrant additional formulary discussion. Documents will be placed in the Archive section (http://vaww.pbm.va.gov) when the information is deemed to be no longer current.
Executive Summary:  

· Dimethyl fumarate represents the third oral agent approved for use in relapsing MS. 

· In the DEFINE trial The proportion of subjects relapsing within two years was 27% in the 240-mg-bid group, 26% in the 240-mg-tid group, and 46% in the placebo group, with relative risk reductions of 49% and 50% for the BID and TID groups, respectively, as compared with placebo; p<0.001 for both comparisons. The annualized relapse rate at 2 years was 0.17 for 240 mg bid, 0.19 for 240 mg TID, and 0.36 for placebo with relative reductions of 53% for 240 mg bid and 48% for 240 mg TID as compared with placebo; p value <0.001 for both comparisons.
· In the CONFIRM trial the annualized relapse rates were 0.22 for 240 mg bid and 0.20 for 240 mg TID as compared with 0.40 for placebo, representing relative reductions of 44% and 51% for the BID and TID doses, respectively, as compared with placebo; p<0.001 for both comparisons.

· Annualized relapse rate for glatiramer acetate was 0.29, representing a 29% relative risk reduction as compared with placebo; p=0.01.  The proportion relapsing over two years was 29% for 240 mg bid, 24% for 240 mg TID, 32% for glatiramer acetate, and 41% for placebo, representing relative risk reductions for relapse of 34% for bid (p=0.002), 45% for TID (p<0.001), and 29% for glatiramer acetate (p=0.01), respectively, when compared with placebo.
· The most common adverse events reported in the clinical trials were flushing, vomiting, diarrhea, abdominal pain and dyspepsia. These effects decreased over time.
· In the clinical trials the mean lymphocyte counts decreased by approximately 30% during the first year of treatment with dimethyl fumarate and then remained stable. Four weeks after stopping the drug mean lymphocyte counts increased but did not return to baseline. The incidence of infections (60% vs. 58%) and serious infections (2% vs. 2%) was similar in patients treated with dimethyl fumarate or placebo, respectively
· An integrated analysis of the DEFINE and CONFIRM data sets showed consistent and statistically significant results for dimethyl fumarate BID and TID versus placebo in the reduction of ARR at 2 years (49% for both groups; P < 0.0001 for both comparisons vs. placebo. Dimethyl fumarate reduced the risk of sustained disability progression in patients with RRMS. Integrated analysis of the DEFINE and CONFIRM data sets showed significant reductions of 32% (P = 0.0034) and 30% (P = 0.0059) for the dimethyl fumarate BID and TID groups, respectively, over placebo in the risk of confirmed (12-week) disability progression at 2 years.
· Dimethyl fumarate offers several characteristics which make it an attractive choice for MS therapy. It has proven efficacy in lowering ARR, delay of disability progression and MRI lesions complimented by an acceptable safety profile. These characteristics make it an alternative therapy to the ABCR agents as well as fingolimod and teriflunomide.
Introduction

Dimethyl fumarate is an oral agent approved by the FDA as a disease modifying treatment for Multiple Sclerosis (MS). 
The purposes of this monograph are to (1) evaluate the available evidence of safety, tolerability, efficacy, cost, and other pharmaceutical issues that would be relevant to considering dimethyl fumarate for possible addition to the VA National Formulary; (2) define its role in therapy; and (3) identify parameters for its rational use in the VA.

Pharmacology 1,-3
Dimethyl fumarate acts to induce T-helper 2–like cytokines (including interleukins 4, 5, and 10) to cause apoptosis in activated T cells. Additionally, it causes down regulation of intracellular adhesion molecules, leading to reduced migration of lymphocytes into the central nervous system. A reduction in these cellular adhesion molecules may lead to reduced migration of lymphocytes across endothelial barriers into surrounding tissues. 
Pharmacokinetics/Pharmacodynamics 1-2
Dimethyl fumarate is extensively metabolized by esterases (which are ubiquitous in the GI tract, blood, and tissues) before it reaches the systemic circulation. After oral administration, dimethyl fumarate undergoes rapid presystemic hydrolysis by esterases and is converted to its active metabolite, monomethyl fumarate. The median time to peak plasma concentration (Tmax) of monomethyl fumarate is 2 to 2.5 hours.  Further metabolism of monomethyl fumarate occurs through the tricarboxylic acid cycle, with no involvement of the cytochrome P450 system. 
FDA Approved Indication(s) and Off-label Uses1
Dimethyl fumarate was approved by the United States (US) Food and Drug Administration (FDA) on March 27, 2013, for the treatment of patients with relapsing forms of Multiple Sclerosis(MS).
This section is not intended to promote any off-label uses. Off-label use should be evidence-based. See VA PBM-MAP and Center for Medication Safety’s Guidance on “Off-label” Prescribing (available on the VA PBM Intranet site only). None of these potential uses have been tested in large, randomized clinical trials in humans. In Germany, a specific mixture of dimethylfumarate and monoethylfumarate salts (Fumaderm) is approved for the treatment of psoriasis.
Current VA National Formulary Alternatives

Currently, the MS disease modifying agents available on the VA National Formulary are beta-interferon, glatiramer acetate, natalizumab and mitoxantrone. Additionally, fingolimod and teriflunomide are available through the non-formulary request process. 
Dosage and Administration1
The starting dose for dimethyl fumarate is 120 mg twice a day orally. After 7 days, the dose should be increased to the maintenance dose of 240 mg twice a day orally. Dimethyl fumarate can be taken with or without food. Administration with food may reduce the incidence of flushing.

Special Populations:

There have been no studies of dimethyl fumarate in renal or hepatic impairment. Given the metabolism and excretion profiles for dimethyl fumarate, no dosing changes for renal or hepatic impairment are expected.
Dimethyl fumarate is pregnancy category C. There are no adequate and well-controlled studies in pregnant women. In animals, adverse effects on offspring survival, growth, sexual maturation, and neurobehavioral function were observed when dimethyl fumarate was administered during pregnancy at clinically relevant doses. Only use dimethyl fumarate during pregnancy if the potential benefit justifies the potential risk to the fetus. There is a pregnancy registry that monitors pregnancy outcomes in women exposed to dimethyl fumarate during pregnancy. Patients should enroll by calling 1-800-456-2255.
Efficacy  
 Multiple Sclerosis Efficacy Measures
Disease progression in MS is measured by several scales, with the Kurtzke Expanded Disability Status Scale (EDSS) being the most common. This scale ranges from zero to ten and progresses in increments of 0.5 degree, with higher scores indicating more severe disease. The scale allows for quantification of disability and allows neurologists to assign a functional score to affected systems, including pyramidal, cerebellar, brainstem, sensory, bowel and bladder, visual, cerebral, and other. The rate of relapse is an outcome measure in MS trials that serves as more of clinical marker of disease state. The presence of gadolinium (Gd+) enhancing lesions on MRI scans also serves as a marker of disease activity as does T2 weighted lesions.  The appearance of Gd+ lesions demonstrates an “acute” inflammation, with T2 lesions being related more to disease accumulation and progression.
Clinical Trials

An open label trial of mixed fumaric acid esters FAE) in ten multiple sclerosis patients was an exploratory test of efficacy for this population. FAE produced significant reductions from baseline in number (P < 0.05) and volume (P < 0.01) of gadolinium (Gd+) lesions after 18 weeks of treatment; this effect persisted during the second treatment phase at half the target dose after the 4-week washout period.8 Additionally, EDSS scores remained stable or slightly improved from baseline in all patients. A phase 2b study in patients with relapsing-remitting MS (RRMS) confirmed the beneficial outcomes seen in the exploratory trial. This trial included 257 patients randomized equally to receive dimethyl fumarate 240 mg three times daily(TID), twice daily(BID) or placebo.9,10 Dimethyl fumarate 240 mg three times daily significantly reduced the number of new Gd+ lesions compared with placebo in the following subgroups: Expanded Disability Status Scale (EDSS) score ≤ 2.5 (74%), EDSS score > 2.5 (63%), no Gd+ lesions (80%), ≥ 1 Gd+ lesion (55%), age < 40 years (49%), age ≥ 40 years (89%), female patients (81%), disease duration ≤ 6 years (81%) and disease duration > 6 years (54%) (all comparisons p < 0.05). 
The efficacy and safety of dimethyl fumarate has been established in two phase 3 randomized controlled trials: Determination of the Efficacy and safety of oral Fumarate IN rElapsing-remitting MS (DEFINE)12 and COmparator and aN oral Fumarate In Relapsing-remitting MS (CONFIRM)13. Both studies demonstrated that treatment with dimethyl fumarate reduces the risk of MS relapse. 
In the DEFINE trial, 1234 patients to were randomized two doses of dimethyl fumarate– 240 mg twice daily or 240 mg three times daily or placebo and were followed for a two year period. Patients had to have at least one clinically documented relapse in the year prior to entry, or who had at least one gadolinium-enhancing lesion on an MRI within six weeks of randomization. A subgroup of 540 patients evenly assigned to treatment allocation was included in the MRI component of the study and had MRIs at weeks 24, 48, and 96. Their demographics were similar to those of the study population as a whole.

The primary endpoint was the proportion of patients who had a protocol-defined relapse within the two-year study period. Relapses were defined as new or recurrent neurologic symptoms of longer than 24-hour duration that were unassociated with fever or infection and were accompanied by new, objective neurologic findings. An Independent Neurologic Evaluation Committee assessed the reported relapses and was blinded to treatment assignment. Secondary clinical endpoints included annualized relapse rates (ARR) and the time to progression of disability. Secondary MRI endpoints included number of new or enlarging T2 lesions and the number of gadolinium-enhancing lesions. There were 1234 patients who received at least one dose of study drug and constituted the intention-to-treat cohort that was analyzed. Seventy-seven percent of subjects completed the study. About 40% of the cohort had previously been treated with another disease-modifying agent for MS. The proportion of subjects relapsing within two years was 27% in the 240-mg-BID group, 26% in the 240-mg-TID group, and 46% in the placebo group, with relative risk reductions of 49% and 50% for the BID and  groups, respectively, as compared with placebo; p<0.001 for both comparisons. The ARR at 2 years was 0.17 for 240 mg BID, 0.19 for 240 mg TID, and 0.36 for placebo with relative reductions of 53% for 240 mg BID and 48% for 240 mg TID as compared with placebo; p value <0.001 for both comparisons. The proportion of patients with EDSS progression sustained for at least 12 weeks during the two-year study was 16% for 240 mg BID, 18% for 240 mg TID, and 27% for placebo, with relative risk reductions of 38% for 240 mg BID and 34% for 240 mg TID as compared with placebo; p=0.005 for BID, p=0.01 for TID. In the MRI subset, new or enlarging T2 lesions were reduced at 2 years by 85% in the 240-mg-BID group and by 74% in the 240–mg-TID group as compared with placebo; p<0.001 for both comparisons. Ninety-three percent of the 240–mg- BID group and 86% of the 240-mg-TID group had no enhancing lesions on MRI at 2 years as compared with 62% of the placebo group.
The CONFIRM trial employed dimethyl fumarate 240 mg BID or 240 mg TID with placebo over two years. A reference active comparator group received glatiramer acetate and was rater-blinded but not subject-blinded. There were 1430 subjects among the four arms. A subset of 681 subjects received MRI scans at baseline, 24, 48, and 96 weeks. The CONFIRM trial was not designed or powered to test the superiority or noninferiority of dimethyl fumarate compared to glatiramer acetate. The primary endpoint was ARR at two years on the basis of protocol-defined relapses by criteria identical to those used in the DEFINE trial. An independent Neurologic Evaluation Committee that was blinded to treatment allocation reviewed relapse events. Secondary endpoints included proportion of subjects relapsing within two years, time to confirmed disability progression as defined by EDSS score change sustained for at least 12 weeks and new or enlarging T2 lesions in the MRI subset at two year. The ITT population was comprised of the 1417 patients who received at least one dose of study medication. Eighty percent of patients completed the study. Approximately 29% had previously received disease-modifying therapy (DMT) for MS. For the primary endpoint of the study, ARR were 0.22 for 240 mg BID and 0.20 for 240 mg TID as compared with 0.40 for placebo, representing relative reductions of 44% and 51% for the BID and TID doses, respectively, as compared with placebo; p<0.001 for both comparisons. The ARR for glatiramer acetate was 0.29, representing a 29% relative risk reduction as compared with placebo; p=0.01. secondary efficacy measures include the proportion relapsing over two years was 29% for 240 mg BID, 24% for 240 mg TID, 32% for glatiramer acetate, and 41% for placebo, representing relative risk reductions for relapse of 34% for BID (p=0.002), 45% for TID (p<0.001), and 29% for glatiramer acetate (p=0.01), respectively, when compared with placebo. Disability progression as measured by change in EDSS score occurred in 13% of each of the BG-12 groups, 16% in the glatiramer acetate group, and 17% in the placebo group. Differences between groups were not statistically significant. The mean number of new or enlarging T2 lesions at two years was reduced by 71% in the 240-mg-BID group, 73% in the 240-mg-TID group, and 54% in the glatiramer acetate group as compared with placebo (p<0.001 for all comparisons).

Adverse Events (Safety Data)

Deaths and Other Serious Adverse Events (Sentinel Events) 
In March 2013 there were two cases of progressive multifocal leukoencephalopathy (PML) reported with the use of Fumaderm and a compounded form of fumarate esters in patients being treated for psoriasis15.  In response to these reports Biogen acknowledged that they know of four cases of PML 
in patients with psoriasis treated with fumarates: 3 with Fumaderm and 1 with compounded fumaric acid esters (FAE).16 The patients in these reported PML cases all had additional risk factors for PML; severe lymphopenia for prolonged periods ( 2 and 5 years) in two patients and a patient with a history of sarcoidosis treatment with methotrexate and steroids and a fourth patient who had been treated with efalizumab and received a diagnosis of cancer. Efalizumab was stopped, and the patient subsequently began treatment with Fumaderm for psoriasis. These cases were reported to the FDA during the approval process for dimethyl fumarate and there were no risk evaluation and mitigation strategies (REMS) programs required for dimethyl fumarate approval. 
Common Adverse Events 1,2,14
Dimethyl fumarate may cause flushing (e.g., warmth, redness, itching, and/or burning sensation). In clinical trials, 40% of dimethyl fumarate–treated patients experienced flushing. Flushing symptoms generally began soon after initiating dimethyl fumarate and usually improved or resolved over time. In most patients who experienced flushing, it was mild or moderate in severity. A total of 3% of patients discontinued dimethyl fumarate for flushing and less than 1% had serious flushing symptoms that were not life-threatening but led to hospitalization. Administration of dimethyl fumarate with food may reduce the incidence of flushing.

Gastrointestinal (GI) events including nausea, vomiting, diarrhea, abdominal pain and dyspepsia were reported more frequently in the course of treatment (primarily in month 1) and usually decreased over time. The incidence of serious GI events was 1%. The use of antacids seemed to ameliorate the symptoms. 
An increased incidence of elevations of hepatic transaminases was seen primarily during the first 6 months of treatment, and most patients with elevations had levels less than 3 times the upper limit of normal (ULN). Elevations of ALT and AST to 3 or more times the ULN occurred in a small number of patients treated with both dimethyl fumarate and placebo and were balanced between groups. There were no elevations in transaminases 3 or more times the ULN with concomitant elevations in total bilirubin more than 2 times the ULN.
Dimethyl fumarate may decrease a patient’s white blood cell count. In the clinical trials the mean lymphocyte counts decreased by approximately 30% during the first year of treatment with dimethyl fumarate and then remained stable. Four weeks after stopping the drug mean lymphocyte counts increased but did not return to baseline. The incidence of infections (60% vs. 58%) and serious infections (2% vs. 2%) was similar in patients treated with dimethyl fumurate or placebo, respectively.

There was no increased incidence of serious infections observed in patients with lymphocyte counts <0.8x109/L or 0.5x109/L.  A transient increase in mean eosinophil counts was seen during the first 2 months of therapy.
Contraindications

No absolute contraindications have been determined for dimethyl fumarate.
Look-alike / Sound-alike (LA / SA) Error Risk Potential

As part of a JCAHO standard, LASA names are assessed during the formulary selection of drugs.  Based on clinical judgment and an evaluation of LASA information from four data sources (Lexi-Comp, USP Online LASA Finder, First Databank, and ISMP Confused Drug Name List), the following drug names may cause LASA confusion:
	NME Drug Name
	Lexi-Comp
	First DataBank
	ISMP
	Clinical Judgment

	Dimethyl fumarate 120 mg, 240mg capsule

Tecfidera
	Dimethyl sulfoxide
None
	None
None
	None
None
	Dimenhydrinate
Tekturna

teriflunomide


Drug Interactions
No potential drug interactions were identified within in vitro CYP inhibition and induction studies or P-glycoprotein studies of dimethyl fumarate
Conclusions
Dimethyl fumarate represents the third oral agent approved for use in relapsing MS. An integrated analysis of the DEFINE and CONFIRM data sets showed consistent and statistically significant results for dimethyl fumarate BID and TID versus placebo in the reduction of ARR at 2 years (49% for both groups; P < 0.0001 for both comparisons vs. placebo.17 Additionally, dimethyl fumarate reduced the risk of sustained disability progression in patients with RRMS. Integrated analysis of the DEFINE and CONFIRM data sets showed significant reductions of 32% (P = 0.0034) and 30% (P = 0.0059) for the dimethyl fumarate BID and TID groups, respectively, over placebo in the risk of confirmed (12-week) disability progression at 2 years. 
The focus of therapy for MS has included several disease modifying therapies (DMT). These agents are commonly referred to as the ABCRs ; interferon beta-1a (Avonex), interferon beta-1b (Betaseron—Extavia).), glatiramer acetate (Copaxone) and interferon beta-1a (Rebif).  These agents can decrease the ARR by 30%, have multiple side effects such as injection site reactions and flu like symptoms and are often associated with poor compliance. With the approval of natlaizumab the ability to reduce ARR by 67% became possible. However, given the immunosuppressant properties of natalizumab, the development of PML became very concerning. There are defined groups who are more at risk for development of PML while on natalizumab; treatment duration >2 years, prior chemotherapy use, and JC virus antibody seropositivity. Although the available first-line and second-line parenteral compounds have clearly changed the course of MS management over the past two decades, there is room for improvement. There are now three oral agents available for MS therapy. Fingolimod, while able to decrease the ARR by 60% requires careful patient selection and monitoring due to the cardiovascular changes associated with the first dose, risk of herpes virus dissemination, macular edema, long-term consequences of elevated blood pressure, and the risk of cancer. Teriflunomide is the second oral agent to enter the market and has documented reductions in ARR similar to the ABCR agents. The safety profile of teriflunomide is associated to adverse effects associate with its parent compound leflunomide, and includes liver injury, Stevens-Johnson syndrome and alteration in white blood cell count.
Dimethyl fumarate offers several characteristics which make it an attractive choice for MS therapy. It has proven efficacy in lowering ARR, delay of disability progression and MRI lesions complimented by an acceptable safety profile. These characteristics make it an alternative therapy to the ABCR agents as well as fingolimod and teriflunomide. 
Prepared May 2013. Contact person: Kathryn Tortorice, Pharm.D., BCPS, Pharmacy Benefits Management Services 
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